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Resistivity investigations of plastic vortex creep in YBaCu;Og g5 Crystals
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The current-voltage characteristi@@VC's) of YBa,CuzOg g5 Single crystal with unidirectional twins were
measured in external magnetic field inclined with respect to twin planes under the angle 45°. Current,
magnetic-field, and temperature dependences of the pinning poteiitlaB, T) and magnetic-field and tem-
perature dependences of the depinning critical cudgi®,T) were derived from the CVC'’s. It is shown that
in high magnetic fieldU(J,B,T) comes in terms with dislocation-mediated plastic creep vortex lattice.
[S0163-182698)01430-1

[. INTRODUCTION pected. We present current-voltage characteristics of a bridge
cut out from a single crystal with dimensionsx3
Recent investigations of local magnetic relaxationTat x0.02 mnt. The smallest dimension corresponds to the
=85 K in YBa,CwyOg o5 Single crystalsshowed that vortex axis of the crystal. The dimensions of the measured part of
dynamics at low and high magnetic fields are quite differentthe bridge were 0.20.2 mnt. The critical temperature of
At low magnetic fields the activation enerdy of vortex the sample wa3.~92 K and the width of the transition in
creep increases with the field a$~BY? This behavior zero magnetic field wad T,~0.3 K. Twin boundaries in-
qualitatively agrees with collective pinning theBtyased on  side the bridge were oriented in one direction. Transport cur-
the concept of elastic motion of the vortex lattice. At highrent was applied parallel to theeb plane at an angle of 7°
magnetic fields the activation energy decreases with increasvith respect to the twin planes. The magnetic-field vector
ing field in contrast to the predictions of collective pinning was perpendicular to the transport current vector and was
theory. In Ref. 1 this behavior was attributed to dislocation-oriented to 45° with respect to both tiseaxis and the twin
mediated plastic creep. When the vortices are at an afgle planes. At such a high misorientation angle betwekeand
with respect to thea-b plane, the activation energy, dt the twin planes, the vortex lines are not deformed by the twin

=0, of such creep is given by planes and pinning at the twin boundaries is equivalent to
o o . pinning by point defects.
Up(B,T)~eyepaey, ~(T.—T)B7, 1) Current voltage characteristid€VC’s) were measured

with dc-current technique for opposite directions of the cur-
rent vector. To improve thermal contact the sample was at-
tached to a massive copper block with glue BF-2. The
block’s temperature stability was about 3 mK. Measure-
ments at temperatures aboVgshow that overheating of the
sample at the highest dissipation levek T0~°> W did not
exceed 10 mK.

Figure Xa) shows CVC’'s measured at=85.1 K. For
agnetic fields 5$H<13 kOe theE(J) dependence is lin-
ear in a IfE vs J¥2 plot, and thus the current dependence of
Up|(J)=US|[1—(J/J£")"], ) the electric field obeys the equation

where go=(®y/47\)? is the vortex line tensiof, a
~(®,/B)Y?is the mean isotropic intervortex distandg, is
the flux quantum\ is the magnetic penetration depth,
=(e2coSV+siPNY? [0+ 60=m/2, e=(m/M)¥? is the
mass anisotropy and v=1/2. Here we assumed that flux
diffusion of dislocation occurs along the minimal intervortex
distanceay~¢%% in the anisotropic flux-line lattice. As-
suming that the current dependence of the activation energy,
is taken from the dislocation thedtry

whereu=1/2 andJ’C’I is the critical current that corresponds E(J)=Eqexp{—U%B,T)[1— (J/Io)*1/KT}, 3
to the plastic motion, the authors of Ref. 1 derived a depen- ) ) ,
denceUS,(B)~B‘” (v=—0.7) from their data. The differ- v_vhere Eo is a constantk is .Boltzmann s constant, and
ence between the predictee — 1/2, and the experimental, = 1/2. For higher magnetic fields{>13 kOe, we observed

Vey=—0.7, values of exponent was explained by the vi- negative curvature in thE(J) dependence, which confirms
cinﬁy to the melting transition. that exponenj is smaller than 1/2. The field dependence of

w is presented in Fig. 2 by open circles. Figui@®)lshows
CVC'’s measured at a magnetic fieltl=14.4 kOe. ForT
<84 K, the E(J) dependence obeys E) with u=1/2,
The aim of this paper is the investigation of vortex dy- and for higher temperatures expongntiecreases, leading to
namics in YBaCu;Og o5 Single crystals in the range of mag- negative curvatures of tie(J) dependence, when plotted in
netic fields where dislocation-mediated vortex creep is exa InE vs J¥2 plot. The temperature dependence wfis

II. RESULTS AND DISCUSSION
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FIG. 1. (a) Currrent-voltage characteristics measured Tat
=85 K in various magnetic field$5.3—10.5 kOg (b) Currrent-
voltage characteristics measuredHat 14.4 kOe for various tem-
perature482.1-86.7 K. The lines are guides to eye.

far below the vortex lattice melting the value pf agrees
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) o . o FIG. 3. (@) Normalized differential resistivitypy/pgs (pq
shown by solid squares in Fig. 2. As it can be seen in Fig. 2= gg/dJ, pge=pyB/H,,) at T=85.1 K as a function of the dc-

current density for several external dc magnetic fieldd (

with the one predicted for dislocation-mediated plastic creep-5.3, 6.5, 7.5, 8.6, 9.7, 10.8, 12, 13.2, 14.3, and 15.4)kOe
of vortex lattice. The values of/°(B,T) can be extracted J.. as a function of the dc magnetic field was determined from linear

from the measured CVC's if the critical current densltyis

extrapolation ofpq/pgg to unity. (b) Normalized differential resis-

known. J. can be estimated from the Bardeen-Stephen betivity py/pgs as a function of the current density ldt=14.5 kOe
havior of flux flow resistivity. Experimental investigations of for several temperature3 ¢82.1, 82.7, 83.2, 83.9 84.4, 85.1, 85.7,

NbSe and YB3 Cu;Og g5 Single crystals showed that the dif- 86.2, and 86.7 K
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FIG. 2. Temperature and field dependence of the expopent

that appears in Eq2).

86

ferential resistivitypy=dE/dJ does not depend on the cur-
rent for transport current densities higher thiarand agrees

with the values obtained in the Bardeen-Stephen apprbach,

pes= PNB/Hco, (4)

wherepy is the resistivity in the normal statB, is the mag-
netic induction, and ., is the upper critical field. Therefore,
the value of the critical current can be estimated by assuming
J=J. whenpy=pgs. The current dependence of normalized
pd(pa/prg) is shown in Fig. 3. The curves in this figure
correspond to curves presented in Fig. 1. The value\pf
was determined by extrapolating the linear part of the
p(T) variation. The values ofH., were estimated by
assuming dH.,/dT=—-18 kOe/K for Hlc, H(T,6)
=(dH /dT)(T-T,)/eyg, ande=1/6. As demonstrated in
Fig. 3 pq<pgs for all the investigated current windows. It is
also seen that for high values dfthe py4(J) dependence is
linear in semilogarithmic scale. Therefore we estimated the
values ofJ. by extrapolating they/pgs curves to unity, as
shown in Fig. 3. Substituting the estimated values]oin



PRB 58 BRIEF REPORTS 2447

2000

also be noted that the change of the slopeE@S) curves
presented in Fig. (&) obeys an~H %" law. The valuer
=0.77 is close to the=0.7 value obtained in Ref. 1 for the

1500 field dependence of the activation energy.
S TheE(J) curves presented in this paper when replotted in
‘5 InE-InJ scale have positive curvature in contrast to the nega-

tive one previously observed in thin filhsand twinned
single YB3CuyOg o5 Crystals® The question arises as to
whether this discrepancy is the “effect of sample” or not.
The critical current in films is at least one order of magnitude
higher than in single crystals and negative curvature may
indicate another mechanism of vortex creep in such strongly
disordered samples as films. The results of our measure-
ments, which are not presented here, show that the positive

1000

500

00~ T——T—— 17— 1200 curvature is replaced by negative for misorientation angles
R b) | betweerH and twin planes smaller than 20°, or in the range
NS i b\ofku (b) ] 900 of angles where the effect of twin planes on pinning and
< 7Y SN - | A dynamics of vortices is significant. Thus our results correlate
i °\Q 8 ] ) with those reported in the literatureHf is applied parallel to
~, . S 1600 thec axis. Negative curvature in such experimental geometry
= . 1 may be caused by the effect of twins that act as strong pin-
o 4k0‘:\0 1300 ning centers in the YB&u;Og o5 superconductor. Indeed,
I _ N AN ] the activation energy of vortices trapped by twin boundaries
£H,c=45 Q N obeys (Ref. 2, U~J Y4 or U~J" ! (for vortex motion
0 [ IR R N S R T

along or off twin planes, respectivelyand both current de-

0
82 8 8 8 90 92 pendencies of the activation energy imply the negative cur-

Temperature (K) vature ofE(J) curves plotted in double logarithmic scale.
FIG. 4. (a) Field dependence of the critical current density
J.(H) and pinning potentiaU®(H) at T=85 K. (b) Temperature Il. CONCLUSIONS
dependence of the critical current densltyT) and pinning poten- L
tial U%(T) for H=14.4 kOe. Inset shows the variation Gf(H) We measgred current-voltage CharaCte“St'CS_ ) of
with H at T=85 K in a double-logarithimic plot. YBa,Cu;05 o5 single crystals for transport current densities

up to nearly 16 A/cm? in a geometry where we may ne-
Eqg. (3) and extrapolating the experimental data by it, weglect pinning by twin planes. From measurements at differ-
obtained the values of the activation enetd. The derived ent temperatures and fields we obtained the rang&-Bf
field and temperature dependences)ofire shown by open values where a IB vs J? plot of CVC’s yields straight lines
circles in Figs. 4a) and 4b), respectively. Open squares in as expected for plastic creep of the flux-line lattice. Determi-
Figs. 4a) and 4b) show, respectively, field and temperature nation of the depinning critical current density allowed us to
dependencies dfi® obtained by fitting theE(J) data, using derive theT-B-J dependence of the plastic pinning potential
Eq. (3). The value ofU° decreases with increasing field or Up(B,T,J) and to compare it with the results of Abulafia
with increasing temperature. The inset to Fige)4hows the et al! obtained by the method of local magnetic relaxation.
dependenc&®(H) in a double logarithmic scale. It is seen
that it is not possible to fit°(H) data by the dependence
U°(H)~H ™" with a constant value of. Nevertheless, the
slope —0.55 of theU(H) dependence at lowest fields is in ~ We wish to acknowledge the financial support through
good agreement with thev=1/2 value predicted for NATO Collaborative Research Grant No. HTECH.CRG
dislocation-mediated creep of the vortex lattice. It should961402.
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